Abstract:
Introduction 1
As the world's largest energy consumer as well as the leading emitter of carbon 2 dioxide (Lin and Fei, 2015) , China has been suffering from severe environmental 3 pollution, especially air pollution, due to its energy-intensive industrial structure Environmental Protection of China (MEP, 2017) . Specifically, 71.5%, 58.3%, 17.5%, 10 3.0%, 16.9% and 3.0% cities suffered from air pollution due to PM2.5, PM10, O3, 11 SO2, NO2 and CO, respectively (MEP, 2017).
12
Significant regional differences exist, and the air quality of northern China, 13 especially that of the second-or third-tier cities in the Beijing-Tianjin-Hebei Beijing-Tianjin-Hebei, the Yangtze River Delta and the Pearl River Delta are 28 recommended to cut concentration of PM by 25%, 20%, and 15%, respectively, from produces large amounts of CO2 and other air pollutants such as SO2 andNO2; these 37 respectively accounted for 34.90%, 28.38% and 32.71% of the total amount in China.
38
Furthermore, as a major supplier of most industrial products in the world, the energy 
20
The production possibility set (P) is defined by 
25
The new production possibility set PNS under CRS is defined by
Basically, this definition is a natural extension of P in (1) . We alter the definition of 28 the efficiency status in the non-separable case as follows: It should be noted that it holds that
This means that some of the slack in non-separable inputs and outputs may remain 25 positive even after the projection and that these slacks, if they exist, are not accounted 26 for in the NS-efficiency score, since we assume a proportionate reduction (α * ) in 27 these outputs. Thus, we apply the SBM for the separable outputs, whereas we employ 28 the radial approach for the non-separable outputs.
29
In actual situations, it is often required that in addition to constraints (11) where we assume that the measurement units are the same among all good outputs.
35
The latter condition can be expressed as 
37 whereU is the upper bound to the expansion rate for the separable goodoutputs.
38
Furthermore, it is reasonable that the slacks in the non-separable (radial) bad 39 outputs and non-separable inputs should affect the overall efficiency, since even the 40 radial slacks are sources of inefficiency.
41
Summing all of these requirements, we have the following model for evaluating 42 overall efficiency: In particular, energy-related input is regarded as an important resource for a certain amount of residential buildings, appliance usage and energy input, the larger 7 the population being supported (Haas, 1997) , the more efficient the DMU would be, 8 and population has thus been treated as desirable output in this paper.
9
The undesirable outputs are considered to be twofold. On the one hand, CO2 bad output SBM shown in Fig.1 (detailed results can be seen in Table B3 ,and results
4
from a conventional SBM with undesirable outputs are shown in Table B4for 5 reference). For the agricultural sector, the environmental efficiency is relatively low, Considering the industrial sector, the average environmental efficiency score in The average environmental efficiency score is shown to be low in the transportation 
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The results of the weighting of the sectoral efficiency using the coefficient of 21 variation method are shown in Fig. 1 as well, and the details are summarized in Table   22 B3. The index score of the comprehensive environmental efficiency for 30 DMUs Although the difference in the average index score is small, the potential reasons for Guangdong has closed inefficient and outdated production facilities. China has the lowest environmental efficiency. According to the National Energy would make the evidence for reduction potential and strategies more convincing. 
